General methods

Synthesis and characterization:
Commercially available reagents were purchased from Sigma-Aldrich Chemical Co., TCI Europe N.V., and Alfa Aesar Co. and used as received without further purification unless otherwise mentioned. Solvents were purchased from Carlo Erba Reagents and Scharlab. All manipulations were carried out under an argon atmosphere and using conventional Schlenk techniques in the case of the Diels-Alder products and SubNc reactions. Prior to use, all glassware was soaked in KOH-saturated isopropyl alcohol for about 12 h and then rinsed with water and acetone before being thoroughly dried. Column chromatography was carried out on silica gel 60 Å) , and TLC on aluminium sheets pre-coated with silica gel 60 F254 (E. Merck).
H NMR and
13
C NMR spectra were obtained using a Bruker Avance 400 (400 MHz) spectrometer. The temperature was actively controlled at 298 K, unless indicated otherwise. Chemical shifts are measured in ppm relative to tetramethylsilane (TMS). EI-TOF-MS spectra were obtained from an Applied Biosystems QSTAR equipment, and Matrix-assisted laser desorption/ionization time of flight (MALDI-TOF) MS and high-resolution mass spectrometry (HRMS) spectra were recorded with a BRUKER ULTRAFLEX III instrument equipped with a nitrogen laser operating at 337 nm. A convenient matrix of DCTB was used for the measurements of the SubNc. Infrared (FT-IR) spectra were recorded on a Bruker Alpha II spectrometer by attenuated total reflection (ATR) technic in all cases solid samples. Melting points (mp) were determined in an Electrothermal IA9100 digital melting point apparatus. Ramp rate is 1.0 °C min -1 and the ceiling temperature is 400 °C.
Measurements and instrumentation:
UV-visible absorption spectra were recorded with a Jasco V-660 instrument. Fluorescence studies were carried out with a JASCO-V8600 fluorometer. Fluorescence quantum yields were determined using SubNc-H12-Cl (φF = 0.22) in toluene as standard. 1 Electrochemical measurements were performed with an Autolab PGStat 30 system using a three electrode configuration system. The measurements were carried out using THF solutions S3 containing 0.1 M tetrabutylammonium hexafluorophosphate (TBAPF6). A glassy carbon electrode (3 mm diameter) was used as the working electrode, and a platinum wire and an Ag/AgNO3 (in CH3CN) electrode were employed as the counter and the reference electrodes, respectively. Ferrocene (Fc) was added as an internal reference and all the potentials were given relative to the Fc/Fc + couple. The scan rate was 100 mV/s. LUMO energies were estimated from the redox potentials derived from CV data, and were calculated using the approximation: 
, where 0 is the permittivity of free space, r is the dielectric constant of the polymer which is assumed to be 3 for the conjugated polymers, μ0 is the zero-field mobility, V is the voltage drop across the device, d is the film thickness of active layer, and  is a parameter that describes the strength of the field-dependence effect. The applied voltage is used without correcting from series resistance or built-in voltage, which offers the best fitting of the experimental data following the protocol reported in literature. 
Synthetic procedures and characterization
Synthesis of naphthalene-2,3-dicarbonitrile precursors
Scheme S1. Synthetic route of 5,6,7,8-tetrahalonaphthalene-2,3-dicarbonitrile derivatives in two steps (Diels-Alder and aromatization reactions). The starting
was prepared according to a described experimental procedure.
General procedure for the Diels-Alder reaction and Aromatization: A mixture of 1,2-bis(bromomethyl)-3,4,5,6-tetrahalobenzene 1 (1 eq), fumaronitrile (2 eq), and NaI (6.5 eq) in dry N,N-dimethylformamide under argon atmosphere was heated at 80 ºC for 7 h and allowed to stand at room temperature overnight. The reaction mixture was poured into 0.5 L of a solution 40 % w/v NaHSO3 and the resulting suspension was filtered, washed with water, and air-dried. The product was recrystallized from a chloroform-THF mixture (5:1) or purified by column chromatography. Unaromatized Diels-Alder adduct 2 (1 eq) was dissolved in 1,2-dichlorobenzene, and then bromine (3 eq) and pyridine (8 eq) were added via syringe under argon atmosphere. The reaction mixture was heated to 150 ºC with stirring for 18 h, then cooled to room temperature and passed through a short pad of compressed celite. The celite pad was washed with several small portions of chloroform, and finally the filtrate solvents were removed under reduced pressure. The resulting crude material was subjected to column chromatography on silica gel giving the respective pure target material. Obtained according to the general procedure; 1 (X = F) (2.14 g, 6.4 mmol), fumaronitrile (1.00 g, 12.8 mmol), and NaI (6.20 g, 41.3 mmol) in 22 mL of DMF.
The product was purified by column chromatography (silica gel; CHCl3/n-hexane, 2924, 2248, 1723, 1517, 1483, 1307, 1118, 1060, 1033, 952, 924, 635 cm -1 ; mp: 181 -182 °C.
5,6,7,8-Tetrafluoronaphthalene-2,3-dicarbonitrile, 3 (X = F).
Obtained according to the general procedure; 2 (X = F) (1.20 g, 4.7 mmol) in 30 mL of 1,2-dichlorobenzene, bromine (0.7 mL, 14.1 mmol), and pyridine (3 mL, 37.6 mmol). The product was purified by column chromatography (silica gel;
CHCl3/n-hexane, 7:3) yielding white needles (0.61 g, 52% : 3106, 3029, 2235, 1833, 1660, 1609, 1510, 1469, 1441, 1353, 1131, 989, 921, 781, 670, 524, 449 cm -1 ; mp: 214 -215 °C. .
5,6,7,8-Tetrakis(pentylsulfonyl)naphthalene-2,3-dicarbonitrile, 5
A two-neck flask (500 mL) connected to a condenser and held under argon atmosphere was charged with 4 (2.00 g, 3.4 mmol) and dissolved in 300 mL of glacial acetic acid with stirring for 10 minutes at room temperature, followed by heating to 90 ºC. Hydrogen peroxide 33% w/v (190 mL) was then added in 4 mL portions in the course of 4 hours and the resulting reaction mixture was heated to 120 ºC for 4 hours. The white turbid mixture was stirred at 80 ºC overnight, and then cooled to room temperature. The white precipitate was collected by filtration and washed several times with water. The white solid was chromatographed on silica gel column (2:8 mixture of n-hexane/chloroform) giving pure compound 5 (1.23 g, 51%)
as a white solid. 3, 147.1, 134.1, 132.7, 115.4, 114.3, 62.9, 57.7, 30.4, 23.4, 22.1, 20.7, 13.7 S9 2871, 2238, 1459, 1407, 1335, 1312, 1287, 1223, 1144, 1104, 898, 771, 630, 616, 508 cm -1 ; mp: 268 -269 °C.
SubNc-X 12 -Cl
General procedure for the synthesis of SubNc-X12-Cl derivatives: An oven-dried two-neck round-bottom flask connected to a condenser and held under argon atmosphere was charged with naphthalene-2,3-dicarbonitrile precursor (1 eq) and washed with hexane-methanol mixture, and air-dried to obtain the desired product.
SubNc-Cl 12 -Cl
Obtained according to the general procedure; 3 (X = Cl) (500.0 mg, 1.6 mmol), BCl3/1 M in p-xylene (3.2 mL, 3.2 mmol) in 10 mL of 1,2-dichlorobenzene. Once the reaction was completed, the solvent was removed under reduced pressure, and the crude material was loaded on a short pad of compressed celite. The celite pad was washed with several portions of methanol, cold chloroform, and cold toluene. Then the product was solubilized by washing the pad several times with hot toluene to recollect the product. The filtrate solvents were removed under reduced pressure and S10 the product was obtained as a dark blue solid (284.0 mg, 54% ; mp: > 400 °C.
SubNc-F 12 -Cl
Obtained according to the general procedure; 3 (X = F) (350.0 mg, 1.4 mmol), BCl3/1 M in p-xylene (2.8 mL, 2.8 mmol) in 5 mL of 1,2-dichlorobenzene. Once the reaction was completed, the solvent was removed under reduced pressure, and the crude material was passed through a short silica gel column using 4:1 mixture of toluene/THF as eluent. The solvent was removed and the residue was purified by column chromatography (silica gel; CHCl3/n-hexane, 9:1) yielding a dark blue solid (136.8 mg, 37% ; mp: > 400 °C.
SubNc-(SO 2 Pent) 12 -Cl
Obtained according to the general procedure; 5 (350.0 mg, 0.5 mmol), BCl3/1 M in p-xylene (1.0 mL,1.0 mmol) in 5 mL of 1,2-dichlorobenzene. Once the reaction is completed, the solvent was removed under reduced pressure, and the crude material was passed through a pad of compressed celite using 9:1 mixture of n-hexane/ethyl acetate. Then, the solvent was removed and the residue was purified by Bio-Beads 2, 149.7, 149.5, 148.1, 131.7, 131.6, 130.9, 123.0, 122.8, 63.0, 62.8, 57.5, 57.4, 30.7, 30.5, 30.3, 23.5, 22.3, 22.0, 20.9, 20.8, 13.8, 13 .6 ppm; UV-vis 1673, 1597, 1495 S*, 1365, 1276, 1261, 1171, 1045, 989, 973, 894, 880, 764, 750, 707, 517, 491, 439 cm -1 ; mp: > 400 °C. 2, 149.5, 144.6, 141.9, 140.0, 137.4, 129.5, 126.0, 120.1, 120.0, 119.9, 117.9, 115.2, 33.9, 31.3 S14 2855, 1673, 1597, 1496 S*, 1364, 1240, 1171, 988, 879, 833, 706, 635, 530 cm -1 ; mp: > 400 °C.
SubNc-F 12 -OPh
Fabrication and characterization of solar cells
Photovoltaic devices were made with an inverted architecture (glass/ITO/ZnO (40nm)/ PTB7-Th:SubNc-X/MoOx (10 nm)/Ag (100 nm). Patterned ITO substrates (14 Ω per square) (Naranjo Substrates) were cleaned by sonication in acetone, detergent, deionized water, and isopropanol, followed by UV-ozone treatment. ZnO layers were deposited by spin coating a zinc acetate dehydrate (100 mg) precursor solution (28.3 μL ethanolamine in 0.937 mL 2-methoxyethanol) at 4000 rpm for 60 seconds, followed by annealing at 180 °C for 10-15 min in air, giving layers of 40 nm. The PTB7-Th:SubNc-X photoactive layers were deposited by spin coating in air from the solutions containing PTB7-Th and corresponding SubNc-X at room temperature. We adopted the optimal active layer thickness of about 75 nm according to our previous paper about subphthalocyanines. The intensity of the bias laser light was adjusted using a variable-neutral density filter.
The response was recorded as the voltage over a 50 Ω resistance, using a lock-in amplifier (Stanford Research Systems SR 830). For all devices, the measurements were carried out under representative illumination intensity (AM1.5G equivalent, provided by the 532 nm laser). Table S1 . Performance parameters of the PTB7-Th:SubNc-X solar cells in device structure of ITO/ZnO (40 nm)/PTB7-Th:SubNc-X/MoOx (10 nm)/Ag (100 nm) under different conditions. [a] Acquired directly from J-V measurements under AM1.5G illumination (100 mW cm -2 ).
Additional Figures and Tables
[b] Acquired by using the integration of EQE with the AM1.5G spectrum as the Jsc. [a] Acquired directly from J-V measurements under AM1.5G illumination (100 mW cm -2 ).
[b] Determined by integrating the EQE with the AM1.5G solar spectrum.
[c] Calculated by using J sc (EQE). N1-C1-N6-C36 -9.9(6) C2-C1-N6-C36 153.7 (4) N5-C36-N6-C1 8.4(6) C35-C36-N6-C1 -160.1(5) 
